Sindbis is an alphavirus or group A togavirus. The virion is comprised of a nucleocapsid surrounded by a lipid envelope from which glycoprotein spikes protrude (5, 13) . The nucleocapsid contains the single-stranded 42-49S virion RNA and a single nucleocapsid core protein with a molecular weight of approximately 30,000 (13, 30) . The envelope is similar in lipid composition to the plasma membrane of the vertebrate host cell in which the virus was produced (7, 15) . The two virus-specific envelope glycoproteins, El and E2, have molecular weights of 53,000 and 45,000, respectively (25) . The lipid envelope and the glycoproteins are acquired by the nucleocapsid as it buds through the host plasma membrane to form the mature virus particle (1, 2) .
During infections of vertebrate host cells, the Sindbis glycoproteins are synthesized, glycosylated, and transported to the cell surface in a manner that closely resembles the processing of host cell glycoproteins (29) . Since the virus has only a very limited amount of genetic information, it has been argued that the enzymes that glycosylate the viral glycoproteins must be principally, if not entirely, host specific (16) . Therefore, Sindbis and the other togaviruses provide unique probes for studying the processes by which different host cells glycosylate the same viral polypeptides (18, 28 (28) . Each glycoprotein contains three different Atype oligosaccharide species, which differ principally in the degree to which they are sialylated (18) . The B-type oligosaccharides are also somewhat heterogeneous and are rich in mannose (28) .
Etchison and Holland (9, 10) reported that the glycoprotein of vesicular stomatitis virus has a similar carbohydrate composition when the virus is grown in four different mammalian cell types. However, small host-specific differences were seen. Similarly, Sindbis virus grown in BHK-21 cells has a somewhat different carbohydrate composition than virus grown in chicken embryo cells (18, 34) . Specifically, the virus grown in BHK cells contains less mannose, but more galactose and sialic acid, than virus from chick cells (18) . In (12, 31) .
MATERIALS AND METHODS
Growth and purification of Sindbis virus. Secondary chicken embryo cells were prepared as described previously (28) and were grown at 37°C in Eagle medium (Grand Island Biological Co.
[GIBCO], F-11) supplemented with 2% tryptose phosphate broth, 1% calf serum, and 1% heat-inactivated chicken serum (GIBCO). BHK-21/13 cells were grown at 37°C in Eagle medium supplemented with 5% fetal calf serum (GIBCO). Nonradioactive Sindbis was produced by two steps of growth in monolayers of cells in glass roller bottles (28) . Radioactive virus was produced by a single step of growth in monolayers of cells in 100-mm Falcon tissue culture plates. In the latter case, cells were infected with a multiplicity of 10 to 50 PFU/cell. After 1 h, they were incubated in medium containing 10 ,tCi of [6-3H] Virus labeled with radioactive amino acids was prepared in a similar manner, using medium containing 10 ACi of a '4C-labeled amino acid mixture (New England Nuclear Corp., NEC-445) and 1.0 jig of actinomycin D per ml. At 12 h after infection, the labeled virus was harvested and purified as described previously (28) .
Purification of radiolabeled Sindbis virus glycoproteins by SDS-polyacrylamide gel electrophoresis. Radioactive amounts of Sindbis glycoproteins El and E2 were purified by slicing and extracting cylindrical sodium dodecyl sulfate (SDS)-polyacrylamide electrophoresis gels, which were prepared and run as described previously (28) .
Analysis of protein purity on discontinuous slab gels. Analytical SDS-polyacrylamide slab gels were prepared using the same stacking and resolving gels as were used for the cylindrical gels described above. The gels were 0.2-cm thick, and the resolving and stacking gels were 8.0 and 1.5 cm in length, respectively. After the stacking gels had hardened, the gels were overlaid with electrode buffer. This electrode buffer was also the same as that described previously (28) . Samples were reduced by dissolving in 0.5 M Tris, pH 6.8, containing 1% (wt/vol) sodium lauryl sulfate, 10% (wt/vol) glycerol, and 1% 2-mercaptoethanol, followed by heating to 100°C for 2 min. The dissolved samples were carefully layered on top of the stacking gels and beneath the electrode buffer. The electrophoresis was started at a potential of 150 V and was kept at that voltage until all samples entered the stacking gel. The voltage was then reduced to 125 V and run to completion. Typical electrophoresis time was 2 h. Gels were stained overnight with 0.25% Coomassie brilliant blue R (Sigma) in water-methanol-acetic acid (5:5:1) and destained with water-methanol-acetic acid (17:1:2). Gels to be autoradiographed were dried onto filter paper and then exposed to Kodak SB-54 X-ray film.
Amino acid analysis. Samples containing 100 jig of protein were hydrolyzed for 22 h at 100°C in 0.5 ml of 6 N hydrochloric acid. After hydrolysis, samples were diluted with 3 volumes of distilled water, frozen at -80°C, and lyophilized. These hydrolysates were analyzed by using a Beckman amino acid analyzer equipped with an automated integrator. Peaks were identified, and weights of amino acids were quantitated by comparison with authentic amino acid standards.
Analysis of monosaccharide and sialic acid compositions. Samples to be analyzed for monosaccharide composition were hydrolyzed with 2 N trifluoroacetic acid (Mallinkrodt) for 2 h at 121°C, and the alditol acetate derivatives of the resulting sugars were prepared as described previously (18) . These alditol acetates were separated by use of a HewlettPackard 5710A gas chromatograph using glass columns (6 feet by 0.125 inch [ca. 183 by 0.32 cm]) packed with 1% OV-275 (Applied Science) on Gas Chrom Q (Applied Science). The columns were eluted at a nitrogen carrier gas-flow rate of 60 ml/ min. After injecting the sample at 140°C, the columns were maintained at this temperature for 4 min, and then the oven temperature was raised at a linear rate of 1°C/min to a final temperature of 220°C, at which temperature the oven remained for 8 min. Peak areas were integrated by use of a Hewlett-Packard 3370-B integrator, and masses of the component sugars were quantitated by comparison with a myo-inositol internal standard. Sialic acids were determined either by the procedure of Warren (38) or by the procedure of Reinhold (21) .
Analysis of viral glycopeptides by chromatography on Bio-Gel P-6. Radiolabeled viral glycoproteins were digested with protease from Streptomyces griseus (Sigma) at 60°C for 24 h (28, 32) . The resultant glycopeptides were chromatographed on a BioGel P-6 column (200 to 400 mesh, Bio-Rad) measuring 1.0 by 120 cm, using 0.1 M Tris-hydrochloride, pH 8 .0, as the eluting buffer. Fractions (0.5 ml) were collected directly into shell vials, combined with 3.0 ml of Triton-toluene (1:1, vol/vol) scintillation cocktail [6. beled Sindbis virus and [3H]glucosamine-labeled virus were combined so that the resulting mixture contained 4,000 cpm/mg of glycoprotein. This preparation was precipitated by addition of 10 volumes of cold water followed by centrifugation. The pellet was then resuspended at a protein concentration of 1.0 mg/ml by sonication in a solution of 0.2 M Tris buffer, pH 8.0, containing 0.5% Triton X-100. More than 80% of the two glycoproteins were solubilized (Fig. 1, lane 4) , whereas all of the core protein and small amounts of glycoproteins El and E2 remain in the pellet after centrifugation at 160,000 x g for 1 h (Fig. 1, lane 5) . A second resuspension of the 160,000 x g pellet in this same solution resulted in solubilization of all the remaining glycoproteins, leaving a pellet containing only core protein and probably the virion RNA. Core protein purity is shown in Fig. 2 . Suspension of Sindbis in 0.2 M phosphate buffers at pH 7.0 and 6.0 resulted in a less complete solubilization of the envelope glycoproteins.
DEAE-Sephadex column chromatography of detergent-solubilized glycoproteins. Purified Sindbis virus preparations containing approximately 50 mg of protein were pooled, and glycoproteins El and E2 were solubilized in Triton X-100 at a protein concentration of 1 mg/ml, with core protein removed as described above. If this solution is applied to a DEAESephadex A-50 column, neither of the two glycoproteins is retained on the column. However, if the buffer concentration was first lowered to 0.04 M by addition of aqueous 0.5% Triton X-100, two peaks could be resolved by chromatography on DEAE-Sephadex A-50. of buffer plus 1 M NaCl solubilizes a large proportion of both glycoprotein E2 and core probeen equilibrated with 0.04 M Tris, pH 8.0, tein. The above results could be explained containing 0.5% Trition X-100. The first peak either by a specific interaction between glycoeluted at the column void and contained most of protein E2 and the viral nucleocapsid at low the original glycoprotein E2 and about 10% of ionic strength or by an aggregation of E2 at low the glycoprotein El. A second peak eluted with ionic strength, leading to its co-precipitation the addition of buffer plus 0.2 M sodium chlo-with nucleocapsids. To determine whether nuride in 0.5% Trition X-100. This peak contained cleocapsids were necessary for pelleting E2 at most of the glycoprotein El, with a small low ionic strength, the following experiment amount of glycoprotein E2. In early experi-was performed. Pure glycoprotein E2 (30 ,g of ments, a linear gradient was used for elution of E2 per ml) in 0.04 M Tris, pH 8.0, containing the column; however, a stepwise gradient was 0.5% Triton X-100 was prepared by DEAEsubsequently used, with similar results.
Sephadex chromatography as described above. This solution was applied to a column (1.5 by 40 cm) ofDEAE-Sephadex that had been equilibrated against 0.04 M Tris plus 0.5% Triton X-100; the column was washed with 100 ml of this buffer plus detergent, and then a linear salt gradient was run. Fractions (5.0 ml) were collected and samples were assayed by liquid scintillation counting. Fractions Table 2 ). This result suggests that glycoprotein El from virus grown in BHK cells might be deficient in the mannose-rich glycopeptide S4, present when virus is grown in chicken embryo cells (28 These experiments show that the Si, S2, and S3 glycopeptides from both El and E2 contain galactose, whereas the S4 glycopeptide on E2 lacks this sugar. DISCUSSION Procedures for the purification of the Sindbis virion proteins have been described, and chemical characterization of the proteins isolated from Sindbis grown in chicken embryo and BHK cells have been presented. The data suggest that the oligosaccharide structures of glycoprotein E2 are very similar when virus is grown in the two hosts, but that glycoprotein El shows interesting, host-specific differences.
The carbohydrate compositions and the glycopeptide elution profiles of glycoprotein E2 preparations from virus grown in the two hosts are very similar (Table 2, Fig. 4 ). There are, however, some host-specific differences. When virus is grown in BHK cells, glycoprotein E2 contains more sialic acid (Table 2 ) than when the virus is grown in chicken embryo cells. Glycoprotein E2 from virus grown in both hosts contains four glycopeptide peaks (Si through S4), and these glycopeptides have the same retention volumes regardless of the host cell (bottom panel, Fig. 4 ). In agreement with the increased sialic acid content when virus is grown in BHK cells, the glycopeptides of E2 from virus grown in that host have more of the largest A-type glycopeptides (Si and S2) and less of glycopeptide S3 than when E2 is isolated from virus grown in chicken embryo cells.
Previous evidence (28) ., 1975, S149, p. 238) , the Sindbis glycoproteins have a hydrophobic tail, the remaining hydrophilic portion of these proteins would be further enriched in hydrophilic amino acids. The core protein is quite rich in lysine and arginine, but not as rich as histones (8) . Both glycoproteins are rich in aspartate, glutamate, serine, and threonine. However, the percentages of aspartate and glutamate amidated are not known. Both glycoproteins have about the same total percentage of basic amino acids (Table 1 ). The fact that E2 has an isoelectric point of 9.0, whereas El has an isoelectric point of 6.0 (6), would suggest that E2 contains a much higher percentage of asparagine and glutamine than El. Dalrymple et al. (6) found the isoelectric point ofthe core protein to be 3.0, but they suggested that their core protein probably contained RNA fragments. Our data, showing a high percentage of basic amino acids, would agree with that suggestion. The Sindbis glycoproteins have amino acid compositions very similar to the virion proteins purified from Semliki forest virus (12) . This may indicate that the glycoproteins from these two viruses will have a great deal of homology, but that remains to be proven by sequence studies. The core proteins from the two viruses also have quite similar compositions, except for lysine and arginine (26) . The total percentage of lysine plus arginine is similar in the core proteins from the two viruses. Such similarities between the compositions of these two viruses are not unexpected, since the viruses have somewhat similar structures and host ranges, and since alphaviruses display some antigenic cross-reactivity (4, 23, 26 
